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EXTENDED ABSTRACT

To determine parameters of primary importance in wind and saltation
driven resuspension of fine particlm frcm sllrfaces, wind tunnel
experiments were conducted to study the resuspension of small
pol.ydisperse particlms (diameter c1O urn)by nmodisperse saltation
particles (diameter >80 ~m). The experiments were designed to slmlate
the atmospheric boundary la~r resuspension of fine particl~s.

Wind Tunnel. The tunnel, fabricated of 3 m long aluminum allay
scctlnns, had a rectangular cross section with a hydraulic diameter of
50cm anilwas 40m long. The resuspension bed, wh~ch was contained in
one s-m tunnel section, W3S ? m in length hy 15 cm wide, locat~d
synsnetrically along the center line of the tunnel floor. Sufficient
unstr~am tunnel len@h was wnplov~d to allow the natur.ql fornat.ior.of a
fully turbulent boundary layer and velocity profile before the airstream
passed over the resuspension bed.

Theoq. Resuspension rate,A, defined as fractiorl of initial mass
resu~(ied per second, i,p~sdotprminmd frnm the relati~ll after St’llm(lland
Lloyd:[ 1]

A= A/Go (1)

where A is total mass/cm2 passing a plane, 1 cm by 15 cm high,
perpcwdiclllar to the me?n wind; G, the surface concmtration of
contaminant or matsrial available for resuspension in mass/cm2; and e
the time.

Vwtical flux Is a measure of ttw net mass or number of particles
ascendinq, ~~a%d on the llrcmis~ that particles %m,lllrnnuqh !O follow I.lle
turbulent eddies, once airborne, will diffuse at.a rat~ proportional to
th~ir concentration qradimt. 10 d~termine tileupward diffusion of
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particles, we used the method of Gillette and Blifford[2] to obtain the
relationship:

Fv=-dJ\(ni2-n+l)/(lJ2-ul) . (5)

Where Fv IS VWtiCal flUX it’) WIIIber Of PiirtiCIC!s/Crn2S (POSitiVe in

the upward direction), o is air density, C is the Priestley drag
coefficient, nil and ni2 are numbers of particles at heights 1 and 2
in the size interval i, and U2 and U1 are local mean wind velocities
at heights 22 and 21 where 11~~1 and Z~>Z1.

Ex~erimental. Resuspension rllnswere made using beds of small
alum]num spherical particles which also contained monodisperse, Eosin-Y
(E-Y) dye spheres, 1 vm or 6 urnDae, deposited as a contaminant
sirmllant by a filtratlnn technique onto the surface of the bed. In runs
including saltation, equal numbers of monodisperse 10U, 240, or 5(KI~m
spheres were introdurwl into the tunnel through a vertical drop tlfibe3 m
Ilpstream of the resuspension particle bed, after the wind velocity was
pqt~hlish~a Thus, four distinct tyoes of re~uspension were d~siqoated:

a. resuspel,sion from the small particle in-place bed only, with no
saltation mrt.icles iniected (d~signated Tvne A),

h. resuspension from the bed, with 0.25 g of lCK)urndiameter
saltation particl~s injected (Tvoe R),

c. the bed, with 3.8 g of 240 urndiameter saltation particles
inirrt~d (Type C), and

d. th~ bed, with 28 g of 5CKIvimdiameter saltation particles
injected (Type II).

Filter samplers with isokinatic inlets at 1, 2, 5, 10, and 15 cm
a+ave the tunnel floor were pnsitinned ? m downstream of the resuspension
hed. Total mass and vertical mass distribution were determined
qravim~tricallvm Airborne particle size distributions were determined by
photomicrographic nmthods previously developed,[3j using the filter
SELMPIPS coll~cted at 1 and 15 cm above the surfac~.

Comparison of the Resuspension of Matrix Particles (aluminum) vcrsu%
Contaminant Particles (E-Y~. ~rates for allminum and he
6 ~m E-Y differ by very nearly a factor of 10CJ,and both Al and E-Y rates
increase rapidly as velocity increas~s or as the saltation particle size
increases (Table 1). In contrast, Aof 1 urnDae E-Y particles is
remrkahly constant ~ven tl)ouqh the velocily and saltation tvp~ were
different for each data point. This is attributed to the limited amount
of F-Y at the %urface +le to the concmtration qrariimt of 1 Iim;lnrtirl~s
clown throuqh th(?aluminum matrix. Thus, the resuspension rate of thr
1 Ilm:-Y was snurce limited, similar to a w~ath~rwi natural surf,lcr,
whereas, the 6 IImE-Y remained on the surface and resuspension was not
sourcp limitwl.
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Vertical flux of the 6 urnE-Y was nmch lower than that of aluminum,
due primarily to the low absolute wmber of these particles resuspended
and their larger Dae. The vertical flux of 1 wmE-Y particles wasnuch
greater in the f-measurements available (Table I). In the only two
comparable nns (Type A at 12.8 and 12.7 m/s, Table 1) F for 1 urnC-Y
was 1000 times greater than that for 6 urnE-Y and a90ut YO times less
than that for aluminum.

Conclusions

1. The resuspension of particles from a bed of loose particles
increases qenerally monotonically with increasing wind velocity
and saliation particle size, up to the maximm velocity and
saltation size investigated.

2. Aand Fv of low concentration contaminants in a matrix of
similarly sized loose particlm may he functions not only of
wind velocity and saltation particle size, but also the size of
the contaminant particles. The latter rli?p~ndencemay be due t(.)
dispersion or percolation of small particles through a larger
particle matrix, or to attachment of cmall contamitlant particles
to larger matrix particles.
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TABLE 1

REsIIspENSION FROM Tuo TYPES OF pARTICLE BEDS

!&
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1.7X1O-5
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3.3X1O-5
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2.3x1o-3

1.1X1O-4 ?.OX1O-3D ---- -----

1.OX1O-5 7.9xl&4A ----- —---

Vertical Flux Fv
mc~)~ ~No. cm s No. cms.— n~m%

---—

1 x 10A
3 x 103

-----

1X1(P
2X1($

-----

----
-----

---—

—---
-----

4 x 102 7 x 10-1
1X1(’P
----
1 x 101
-----
q x 101

A -----

1 x 104
-----

-----

---- -----

2 x 103-----

7 x 103B

c

A

---- - -----

Q x 102----

3 x 104
—---
----- -----
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